Objective: Stunting is a chronic condition reflecting poor nutrition and health. Our aim was to ascertain major predictors of stunting in children ,5 years old in Libya. (OR 5 0?53, 95 % CI 0?32, 0?90) and water storage (OR 5 0?70, 95 % CI 0?54, 0?90). These variables only explained 20 % of cases of stunting. Conclusion: Various multilevel actions are needed to improve nutritional status of under-fives in Libya. At risk-groups include those with young age (1-3 years), resident of Al-Akhdar region, boys, father's low educational level, poor psychosocial stimulation, poor housing environment, diarrhoea and low birth weight.
. Despite global improvement in the health of children aged ,5 years in developing countries, undernutrition remains an important public health problem (3, 4) . More than half of deaths of children in these countries are related to undernutrition (5) . Undernutrition profoundly affects human function, with both individual and transgenerational effects. Individual effects include the well-known undernutrition-infection vicious cycle, while transgenerational effects refer to a similar vicious spiral that extends to forthcoming offspring and induces permanent effects on mental, social and physical well-being. These effects occur even in mild-to-moderate cases (3) . Undernutrition also affects society at large because it leads to reduced productivity and limited ability to escape the consequences of poverty (3, 6, 7) .
Reduction of the prevalence of undernutrition in under-fives is a top priority to reduce child mortality and morbidity. Reduction of undernutrition prevalence by 50 % between 1990 and 2015 is among the most important targets of the first Millennium Development Goal. Nevertheless, progress remains slow, and most international goals set for improving child nutrition and health were not met by 2000.
Stunting (i.e. low height-for-age) is a chronic condition that reflects poor linear growth accumulated during preand/or postnatal periods because of poor nutrition and/or health. It is more difficult to treat than acute forms of undernutrition such as wasting. Its relationship to micronutrient deficiencies, obesity (particularly the abdominal type) and chronic diseases makes it an important health hazard even for countries in transition. Causes of stunting are multifactorial with roots in many sectors of development such as education, demography, agriculture and rural development (8, 9) . Identification of the causes in a particular setting implies the investigation of complex interactions between these multiple interrelated social, economic and environmental determinants. Such determinants usually occupy different positions in the dependence chain and they cannot adequately be modelled by including them all in a linear regression analysis (10, 11) . They can be better understood within an integrated conceptual framework that considers these factors and their interactions (8, 11, 12) .
One example of such a model is the UNICEF conceptual framework. This framework, which was developed in 1990 as a part of UNICEF's nutritional strategy (8) , provides a holistic and pragmatic approach. It classifies the causes of undernutrition into three categories that account for the complexity of the nutritional status of children: (i) basic causes at the societal level; (ii) underlying causes at the household/family level; and (iii) immediate causes. Factors at one level influence other levels.
Libya is classified as a low-prevalence area of wasting (3?3 %) and stunting (15?1 %) using the National Center for Health Statistics/Centers for Disease Control and Prevention/WHO reference growth curves (13, 14) . Stunting in Libya is more prevalent in certain geographic regions, in rural areas and in underprivileged groups (13, 15) . Rates are as high as 28 % in Al-Akhdar region when the newly published growth charts from the WHO Multiple Centre Growth Reference Study (16) are used. As such, the country would be reclassified as an intermediate-level country (15) . Improvement in nutritional status needs effective planning that accounts for the underlying risk factors, identifying at-risk subgroups and permitting targeted interventions. There is a paucity of studies that would permit a fuller contextual assessment of the patterns and determinants of undernutrition in Libya. Analysis of national cross-sectional surveys can provide clues to fill this gap. The Libyan Maternal and Child Health Survey (LMCHS), undertaken as part of the Pan Arab Project for Child Development (PAPCHILD), is the first nationally representative maternal and child health survey ever undertaken in Libya (13, 17) . The present study is a secondary analysis of the raw data from the LMCHS. The aim was to ascertain predictors of childhood stunting in children aged ,5 years in this population.
Population and methods

Design
The design, methods and nutritional status of under-fives in Libya from the LMCHS are described in more detail elsewhere (13, 15, 17) . The LMCHS is a cross-sectional, nationally representative, two-stage stratified probability cluster sample of 6707 households that was undertaken during the summer of 1995. The country was divided into seven administrative regions. These regions were three costal (Benghazi, Tripoli and Al-Zaouia), two mountainous (Al-Akhdar and Al-Gharbi) and two predominantly desert areas (Sirt and Sabha). Each region was divided into urban and rural zones. In the first stage, a total of 307 sampling units, including 102 units from rural areas, were selected randomly. In the second stage, each sampling unit was divided into five segments of equal sizes. All households in one randomly selected segment were included in the sample. All children younger than 60 months at the time of the survey were eligible for recruitment.
Data and outcome measures
Data were collected in interviews with mothers during household visits using the three different standard PAP-CHILD questionnaires with a few modifications to conform to local patterns of disease and determinants (17) . The child questionnaire contained items related to child health and its determinants such as vaccination, birth, nutrition, etc. The reproductive health questionnaire contained items on the mother's health and reproductive history. The third questionnaire gathered data on household characteristics and the surrounding environment such as the availability of safe water supply, sanitation facilities and garbage collection. Weight, length/height and age data were used to calculate Z scores of height-for-age in comparison with the newly published WHO growth curve. Stunting was defined as a length/height more than two standard deviations below the median height/length-for-age of the WHO Child Growth Standards from the WHO Multicentre Growth Reference Study (16) . The independent variables that were chosen for their possible association with stunting are shown in Table 1 . These variables were organized according to the conceptual framework developed by UNICEF (8) . Socio-economic classification was based on the combination of an asset index of households with its area characteristics, and a locally validated socio-economic classification that incorporates parental occupation and education (18) .
Statistical analysis
Data were analysed using WHO Anthro 2005 software (WHO, Geneva, Switzerland) and SPSS version 13 (SPSS Inc., Chicago, IL, USA) statistical software package. The WHO Anthro 2005 program considers Z-score values for length/height-for-age ,26 as outliers. Each independent variable was individually evaluated in bivariate analyses for possible correlation with stunting. Statistical analysis with logistic regression was performed by SPSS, determining for each of the variables the odds ratio, 95 % confidence interval and statistical significance of the association with stunting. Only statistically significant risk factors are presented here. The level of significance was set at P , 0?05. In the final stage, in addition to the variables that were identified as significant in the bivariate analyses, some other potentially confounding variables as indicated by P , 0?5 were also selected. These were all put together in a single logistic regression model to determine their net effects on stunting.
Results
Anthropometric measurements were available for 4498 children. Among the 929 stunted children (20?7 %), there were 495 boys (22?2 %) and 434 girls (19?4 %). Other basic attributes of the children participating in the survey are shown in Table 2 .
In bivariate analysis, various significant factors increasing (Table 3) or decreasing ( Table 4 ) the risk of stunting were found. Basic determinants included age 1-3 years, with the second year having the highest risk even in comparison with the first year (OR 5 1?31, 95 % CI 1?04, 1?64, P , 0?02), being a boy, belonging to less privileged groups, living in rural areas and being a resident of Al-Akhdar, Sirt, Al-Zaouia or Al-Gharbi regions. Underlying determinants found included family and caregiver conditions such as consanguinity, large family size (having $4 siblings in the family), low paternal and/or maternal education and limited psychosocial stimulation (absent or rare interaction between the child and father, absence of external social contact, absence of media contact). Meanwhile, being a first or a single child decreased the risk for stunting. Other underlying determinants included poor utilization of health services (absence or poor follow-up during pregnancy, incomplete immunization). Delivery in a private health establishment decreased the risk. Housing environment such as type of dwelling, lack of safe water supply, inadequate sanitation and garbage collection were among the underlying determinants that increased the risk of stunting. Many immediate factors related to feeding practices and health status such as low birth weight and diarrhoea were found also to increase the risk of stunting. Onset of weaning at 4-6 months of age rather than 6-8 months and a large birth weight decreased the risk for stunting.
The logistic regression model for multivariate analysis included the factors reported above in addition to some other potentially confounding variables such as father's age, father's education and using water from wells without pumps. Overall, the model was significantly associated with stunting, but it explained only 20 % of the variance as indicated by its R 2 value (Table 5) . (19) . A number of programmes were implemented to improve the nutritional status of the population in the second half of the last century. Large amounts of resources were spent on food subsidy programmes and also on food distribution activities for women and children (15) . A nutritional surveillance system was introduced in maternal and child health centres. There have been marked improvements over the past few decades in the nutritional status of children (15, 20) . However, much work remains to be done (15) . This is the first time that data have been exploited to formulate a hypothesis on possible factors determining the problem of undernutrition among under-fives in Libya. One of the important aspects of this survey is that it was performed during the peak of political and economic difficulties that faced the country in the 1990s following UN sanctions and the counteracting measures that were taken. The result was a many-fold rise in the price of most food items.
We did not find any evidence of significant collinearity in our model. However, certain inherent limitations may arise in the study such as the difficulty to examine temporal relationships, differences in seasonal distribution of risk factors, recall bias, absence of data on maternal nutrition and food practices of the family, absence of data on parasitic infections, absence of comprehensive data on mental health of the family including different psychosocial stimulation and/or interaction between family members, and the possibility that respondents would answer in more socially desirable ways. Standard national cross-sectional studies such as PAPCHILD, the Pan Arab Project for Family Health and Multiple Indicator Cluster Surveys do not evaluate measures taken by different authorities to combat undernutrition.
The complex interrelated factors associated with stunting that we found in the current study are represented according to the UNICEF conceptual framework (Fig. 1) . The results of our study show the importance of the UNICEF model incorporating parental and socioeconomic characteristics in understanding the prevalence of stunting in Libya. However, such models should be interpreted only from an exploratory point of view (11) .
Models constitute a platform for better comprehension of potential dynamics and possible sites of intervention (21) . The paths indicated by the arrows in the UNICEF framework are meant to suggest distal v. proximal relationships, and do not necessarily mean that distal factors cannot have direct effects on stunting.
In the current study, being from the less privileged groups was a risk factor initially but disappeared in subsequent multivariate analysis. The effects of income are known to be mediated through other underlying determinants (4, 12) . These factors determine the ability of the family to combine their knowledge, resources and patterns of behaviour, to promote, recover or maintain health status and to cope with a difficult environment (4, 11, 12) . Such factors include parental education, psychosocial stimulation and household environment (4, 12, (22) (23) (24) . In spite of equity-driven health and education service expansion in Libya during the 1970s, stunting was related to living in rural areas as well as in certain geographical regions. Stunting is known to be more prevalent in rural areas (22) . People living in urban areas are provided with better access to health services, education and other social support systems which are either not available or not easily accessible to residents in rural areas. The two regions with the highest risk for stunting were the two mountainous areas. A strong inverse association between child height and altitude has been noticed previously. Possible explanations could include access to food, dietary habits, living practices, environmental conditions such as cold climate, hygienic measures such as water supply, and parasitic infections (7, 25) . These findings may also reflect the absence of vertical expansion that should have followed the horizontal expansion which occurred in the country during the 1970s. Further studies are needed to verify the exact role of these factors in this population.
Gender is an important aspect of equity. Equal degree of undernutrition between under-five boys and girls by the year 2020 is accepted as a mean for evaluating gender equity in different societies (11, 26) . There is no evidence of gender bias in stunting in Libya based on the current study.
On occasions, children may be born undernourished due to growth retardation in utero and their growth may improve exponentially over time (11, 12, 22, 23) . On other occasions, the anthropometric status of children worsens considerably only when they are weaned and particularly if low-quality solid foods are introduced. In the current study, stunting was associated with age period of 1-3 years. Other factors increasing the risk of stunting in this age period include loss of passive immunity, exposure to unsanitary conditions increasing the risk of infections that suppress appetite and directly affect nutrient metabolism, and return of the mother to work (11, 23, 27) . In the current study, paternal education and age were significant factors associated with stunting in the final model. Higher education could reflect higher income and more paternal interest in child nutrition. More educated fathers are more likely to have educated wives. Educated mothers are known to be older at their first birth and are more knowledgeable about care practices. Educated families live in smaller households, in better houses, they are better able to use health-care facilities, and are more adept at keeping their environment clean (11, 12, 28) .
Parental consanguinity was a significant factor associated with stunting in bivariate analysis in the current study, but it disappeared in multivariate analysis indicating that it was a confounding variable. Studies have shown conflicting results on the impact of consanguineous marriages on child health (29) . Indicators for health services utilization such as incomplete immunization, poor check-up during pregnancy and non-supervised deliveries were all risk factors for stunting. These factors are known to influence stunting both directly and indirectly. Health knowledge and access to health care could also explain regional differences in undernutrition (11, 23) , as in Libya. Environmental factors refer to the availability of safe water, sanitation and environmental safety, including shelter. Environmental factors such as poor housing and exposure to untreated water are known to be associated with stunting (30, 31) . In fact, most of the positive effect of income on child height could be mediated by the quality of family housing (7, 12) . In the current study, household quality was an important risk factor in the multivariate model. In some regions of Libya and in spite of major drinking water projects, many people have to use variable methods to obtain a continuous water supply or more palatable water. Examples include boiling of water from superficial wells and the use of desalinated or filtered water from near-by factories. Such water may be either contaminated, thereby predisposing children to repeated bouts of infection, or lacking in some micronutrients, which might compromise growth. Having piped water in the home also reflects higher income levels and/or that the environmental sanitation in these homes is better. When water is not readily available, food hygiene is frequently poor, which increases the risk of pathogen contamination and exposure to illnesses. However, the fact that storing water in tanks protects against infections in comparison to publicly supplied piped water calls for better quality control of this system. Diarrhoea is a known risk factor for stunting (11, 23, 30) . The current survey was conducted during the summer. The prevalence of diarrhoea from our data was found to be 17?3 % (779/4498). Diarrhoea could be related to food preparation and feeding practices and to increased exposure to pathogens as children become increasingly mobile throughout the first three years of life. As children get older, they may become more immune to infections due to a gradual increase in the colonization of various bacteria and viruses in the gut. Targeting health education messages to mothers with children younger than 3 years old may be an important option to consider.
Breast milk contains the mix of nutrients that is best suited to the infant's metabolism. An initial period of exclusive breast-feeding is essential to lower the risk of stunting, after which supplementary foods should be introduced appropriately into the child's diet (24) . The use of bottle feeding predisposes to infections and may be associated with diluted non-nutritive formula preparation (24) . Early introduction of complementary foods is a known predictor of undernutrition (23) , but there is a debate as to the most suitable age that supplements should be first given (32) . In the current study, breast-feeding was considered optimal if it started early, if it was continued for .12 months and if weaning started at 6-8 months. It was considered appropriate if weaning started earlier (between 4 and 6 months). In the current study, optimal breast-feeding was not as protective as appropriate breast-feeding. In addition, there was a protective effect of bottle feeding and early introduction of breast milk substitutes such as powder milk or pasteurized bottled milk. Previous studies reported a similar observation where, for example, longer breast-feeding was associated with both higher stunting and severe stunting risk (24) . This should be viewed as failure of optimal complementary feeding and the inability of the household to provide supplemental foods, and should not be an argument for advertising of these substitutes (11) . In other cases, when a child is severely stunted, mothers may respond by a decision to continue breast-feeding (24, 33) . Moreover, none of the dietary intake factors in the current study persisted in the multivariate model. Low birth weight is a known correlate of stunting (12, 28) . In the current study, it had a potent effect on stunting that persisted in the single multivariate analysis. The known effect of low birth weight on child health makes it the most relevant single factor for children's survival (34) . To fight undernutrition sustainably, changes in many of the underlying factors are necessary (11) . In spite of the existence of food security programmes in Libya, the broader concept of nutritional security should be implemented. This is achieved for a household when secure access to food is coupled with a sanitary environment, adequate health services and knowledgeable care. As in other studies, the risk factors of stunting that we found were diverse, complex, difficult to manage, and their effects started even before birth (35) . The current study provides relevant information for determining courses of action to be taken at the meso and micro level to improve the nutrition and health of children in Libya. Policy frameworks must be established that incorporate short-, medium-and long-term strategies to solve nutritional problems in Libya. Corresponding intervention strategies should be comprehensive, culturally sensitive and addressed at various levels. Programmes should specifically target higher-risk groups such as young children (1-3 years) , residents of Al-Akhdar, boys, less educated fathers, poor family social life, low-quality household environment, diarrhoea and low birth weight. Particular attention should be given to the particularly brief window of intervention from the mother's pregnancy through the child's first two years of life. Further research, particularly on regional differences, is required to design relevant and effective intervention programmes.
